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Oligonucleotide Synthesis and purification
General method for oligonucleotide synthesis
Standard DNA phosphoramidites, reverse phosphoramidites, solid supports, and additional reagents were purchased from Link Technologies and Applied Biosystems. All oligonucleotides were synthesized on an Applied Biosystems 394 automated DNA/ RNA synthesizer using a standard 0.2 or 1.0 μmol phosphoramidite cycle of acid-catalyzed detritylation, coupling, capping, and iodine oxidation. Stepwise coupling efficiencies and overall yields were determined by the automated trityl cation conductivity monitoring facility and in all cases were >98.0%. All β-cyanoethyl phosphoramidite monomers were dissolved in anhydrous acetonitrile to a concentration of 0.1 M immediately prior to use. The coupling time for normal A, G, C, and T monomers was 35 s, reverse A, G, C and T monomers were coupled for 180 s, and the coupling time for the G-clamp phosphoramidite monomer (Glen Research) was extended to 360 s. Unless it has been stated elsewhere, cleavage of oligonucleotides from the solid support and deprotection was achieved by exposure to concentrated aqueous ammonia solution for 60 min at room temperature followed by heating in a sealed tube for 5 h at 55°C. 3′-Alkyne dT oligonucleotides were synthesized using the 3′-propargylthymidine phosphoramidite monomer ( figure S5 ) and assembling the required sequence in the 5′ to 3′-direction using the 3′-O-(4,4′-dimethoxytrityl)deoxyribonucleoside-5′-phosphoramidites of A, G, C and T (reverse phosphoramidites, Link Technologies). The oligonucleotides were then cleaved and deprotected by exposure to concentrated aqueous ammonia for 60 min at room temperature followed by heating in a sealed tube for 5 h at 55°C before HPLC purification as explained below.
The building blocks for the RNA analogues were prepared using 2'-TBS protected RNA phosphoramidite monomers with t-butylphenoxyacetyl protection of the A, G and C nucleobases and U unprotected on the base (Sigma-Aldrich). A solution of 0.3 M benzylthiotetrazole (BTT) in acetonitrile (Link Technologies) was used as the coupling agent, t-butylphenoxyacetic anhydride as the capping agent and 0.1 M iodine as the oxidizing agent (Sigma-Aldrich). All phosphoramidite monomers were dissolved in anhydrous acetonitrile to a concentration of 0.1 M immediately prior to use, and the coupling time for all monomers during RNA synthesis was 6 min. Stepwise coupling efficiencies were determined by automated trityl cation conductivity monitoring and in all cases were >97%. Cleavage of oligonucleotides from the solid support and deprotection were achieved by exposure to concentrated aqueous ammonia/ethanol (3/1 v/v) for 2 h at room temperature followed by heating in a sealed tube for 45 min at 55°C.
2'-TBS deprotection of oligoribonucleotides (RNA)
After cleavage from the solid support and deprotection of the nucleobases and phosphodiesters in ammonia/ethanol as described above, oligonucleotides were concentrated to a small volume in vacuo, transferred to 15 mL plastic tubes and freeze dried (lyophilised). The residue was dissolved in DMSO (300 µL) and triethylamine trihydrofluoride (300 µL) was added after which the reaction mixtures were kept at 65°C for 2.5 h. Sodium acetate (3 M, 50 µL) and butanol (3 mL) were added with vortexing and the samples were kept at -80°C for 30 min then centrifuged at 13,000 rpm at 4°C
for 10 min. The supernatant was decanted and the precipitate was washed twice with ethanol (0.75 mL) then dried under vacuum.
Synthesis of the 3′-alkyne 5-methyl dC oligonucleotides
3′-Alkyne 5-methyl dC oligonucleotides were synthesized on the 1.0 µmole scale using 5′-O-(4,4′-dimethoxytrityl)-3′-O-propargyl-5-methyldeoxycytidine solid support (33 µmole/g loading on AM polystyrene, Applied Biosystems) which was prepared by the published method. [1] The resin was packed into a twist column (Glen Research) then used to assemble the required sequence in the 3′-to 5′-direction by standard phosphoramidite oligonucleotide synthesis. The oligonucleotides were then cleaved and deprotected by exposure to concentrated aqueous ammonia for 60 min at room temperature followed by heating in a sealed tube for 5 h at 55°C before purification by HPLC as explained below.
Synthesis of the 3′-alkyne dT oligonucleotides
3′-Alkyne dT oligonucleotides were synthesized using the 3′-propargylthymidine phosphoramidite monomer ( figure S5 ) and assembling the required sequence in the 5′ to 3′-direction using the 3′-O-(4,4′-dimethoxytrityl)deoxyribonucleoside-5′-phosphoramidites of A, G, C and T (reverse phosphoramidites, Link Technologies). The oligonucleotides were then cleaved and deprotected by exposure to concentrated aqueous ammonia for 60 min at room temperature followed by heating in a sealed tube for 5 h at 55°C before HPLC purification as explained below.
Purification of oligonucleotides (DNA or RNA)
The fully deprotected oligonucleotides were purified by reversed-phase HPLC on a Gilson system using a Luna 10µ C8 100Å pore Phenomenex 10x250 mm column with a gradient of acetonitrile in triethylammonium acetate or ammonium acetate (0% to 50% buffer B over 20 min, flow rate 4 mL/min), (buffer A: 0.1 M triethylammonium acetate, pH 7.0, buffer B: 0.1 M triethylammonium
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acetate, pH 7.0, with 50% acetonitrile). Elution was monitored by UV absorption at 295 nm. After HPLC purification, oligonucleotides were desalted using NAP-25 then NAP-10 columns (GE Healthcare). For short oligonucleotides (less than 10 bases in length), HPLC using the volatile buffer triethylammonium bicarbonate buffer (buffer A: 0.1 M triethylammonium bicarbonate, pH 7.5, buffer B: 0.1 M triethylammonium bicarbonate, pH 7.5, with 50% acetonitrile) was used. The fractions from HPLC were evaporated without need for additional desalting.
DNA sequence analysis of amplified G-clamp triazole DNA
The PCR amplicon obtained from ODN-20 was purified by 2% agarose gel electrophoresis and extracted from the gel using a QIAquick Gel Extraction kit. It was then sent to Eurofins
Medigenomix GmbH (Eurofins MWG Operon) for TOPO-TA cloning and subjected to automated Sanger DNA sequencing. No mutations were found around the triazole C t C linkage. Only two mutations were identified in total (cytosine deletions, indicated below in blue) and these were 27 bases remote from the original site of the triazole linkage. 
DNA sequencing of 23 clones
Ref GCATTCGAGCAACGTAAGATCGXXAGCACACAATCTCACACTCTGGAATTCACACTGACAATACTGCCGACACACATAACC 21_A-100109_A10 GCATTCGAGCAACGTAAGATCGCCAGCACACAATCTCACACTCTGGAATTCACACTGACAATACTGCCGACACACATAACC 23_A-100109_C10 GCATTCGAGCAACGTAAGATCGCCAGCACACAATCTCACACTCTGGAATTCACACTGACAATACTGCCGACACACATAACC 24_A-100109_D10 GCATTCGAGCAACGTAAGATCGCCAGCACACAATCTCACACTCTGGAATTCACACTGACAATACTGCCGACACACATAACC 25_A-100109_E10 GCATTCGAGCAACGTAAGATCGCCAGCACACAATCTCACACTCTGGAATTCACACTGACAATACTGCCGACACACATAACC 27_A-100109_G10 GCATTCGAGCAACGTAAGATCGCCAGCACACAATCTCACACTCTGGAATTCACACTGACAATACTGCCGACACACATAACC 28_A-100109_H10 GCATTCGAGCAACGTAAGATCGCCAGCACACAATCTCACACTCTGGAATTCACACTGACAATACTGCCGACACACATAACC 31_A-100109_C11 GCATTCGAGCAACGTAAGATCGCCAGCACACAATCTCACACTCTGGAATTCACACTGACAATACTGCCGACACACATAACC 33_A-100109_E11 GCATTCGAGCAACGTAAGATCGCCAGCACACAATCTCACACTCTGGAATTCACACTGACAATACTGCCGACACACATAACC 34_A-100109_F11 GCATTCGAGCAACGTAAGATCGCCAGCACACAATCTCACACTCTGGAATTCACACTGACAATACTGCCGACACACATAACC 35_A-100109_G11 GCATTCGAGCAACGTAAGATCGCCAGCACACAATCTCACACTCTGGAATTCACACTGACAATACTGCCGACACACATAACC 38_A-100109_B12 GCATTCGAGCAACGTAAGATCGCCAGCACACAATCTCACACTCTGGAATTCACACTGACAATACTGCCGACACACATAACC 39_A-100109_C12 GCATTCGAGCAACGTAAGATCGCCAGCACACAATCTCACACTCTGGAATTCACACTGACAATACTGCCGACACACATAACC 40_A-100109_D12 GCATTCGAGCAACGTAAGATCGCCAGCACACAATCTCACACTCTGGAATTCACACTGACAATACTGCCGACACACATAACC 41_A-100254_A6 GCATTCGAGCAACGTAAGATCGCCAGCACACAATCTCACACTCTGGAATTCACACTGACAATACTGCCGACACACATAACC 42_A-100254_B6 GCATTCGAGCAACGTAAGATCGCCAGCACACAATCTCACACTCTGGAATTCACACTGACAATACTGCCGACACACATAACC 43_A-100254_C6 GCATTCGAGCAACGTAAGATCGCCAGCACACAATCTCACACTCTGGAATTCACACTGACAATACTGCCGACACACATAACC 44_A-100254_D6 GCATTCGAGCAACGTAAGATCGCCAGCACACAATCTCACACTCTGGAATTCACACTGACAATACTGCCGACACACATAACC 45_A-100254_E6_ GCATTCGAGCAACGTAAGATCGCCAGCACACAATCTCACACTCTGGAATTCACACTGACAATACTGCCGACACACATAACC 46_A-100254_F6_ GCATTCGAGCAACGTAAGATCGCCAGCACACAATCTCACACTCTGGAATTCACACTGACAATACTGCCGACACACATAACC 47_A-100254_G6_ GCATTCGAGCAACGTAAGATCGCCAGCACACAATCTCACACTCTGGAATTCACACTGACAATACTGCCGACACACATAACC 48_A-100254_H6_ GCATTCGAGCAACGTAAGATCGCCAGCACACAATCTCACACTCTGGAATTCACACTGACAATACTGCCGACACACATAACC 49_A-100254_A7
Studies on oligonucleotides containing TC step at the triazole linkage
To determine whether duplex stabilisation by triazole G-clamp is a general effect, or a special case applying only to the C t C C step, oligonucleotide ODN-25 with a T t C C step at the site of ligation was prepared (Table S1) After purification of the click products by HPLC, ultraviolet melting studies were performed with complementary DNA strand ODN-29 (Table S2) Table S3) were annealed by heating at 90 °C for 5 min then cooled slowly to room temperature. A solution of Cu I click catalyst was prepared from tris-hydroxypropyltriazole ligand [2] 
Ultraviolet melting studies on double triazole-containing DNA duplexes
The duplex formed by 13-mer oligonucleotide ODN-37 (containing two units of triazole G-clamp) and its complementary strand ODN-41 was subjected to analysis by UV melting under the conditions 
